In stem cell niches, the spatial extent of growth factor signaling needs to be tightly controlled. A new study on the Drosophila testicular germline stem cell niche has revealed that BMP signaling is locally activated through linkage to adherens junctions.
Xing Ma and Ting Xie* Stem cells are almost always associated with so-called niches that regulate stem cell maintenance. Niche-produced short-range signals maintain stem cell self-renewal by directly repressing differentiation, allowing stem cell progeny staying outside the niche to differentiate in an orderly, stepwise manner. In the Drosophila melanogaster ovaries and testes, Dpp/BMP, which acts as a long-range morphogen in both wing imaginal discs and the embryo [1] , functions as a short-range niche signal to maintain self-renewal of germline stem cells (GSCs) by repressing differentiation-promoting genes such as bam [2] . Such short-range BMP signaling maintains a balance between GSC self-renewal and differentiation. Studies on the Drosophila ovarian GSC niche have revealed that BMP production and diffusion in the niche cells are tightly controlled in order for BMP to be restricted within the niche [3] [4] [5] [6] [7] [8] , as BMP expression from outside the GSC niche would otherwise interfere with the normal differentiation of GSC progeny. In addition, BMP signaling in differentiated GSC daughter cells is effectively eliminated by downregulation of BMP signal transducers through differentiation factors [9, 10] . These mechanisms restricting BMP signaling to GSCs are likely to also function in the testicular GSC niche. Such short-range effects of niche signals are likely to be a general theme of stem cell control, as stem cells in mammalian tissues must also maintain a steady pool and yet continuously generate the needed differentiated cells. However, precisely how signaling activity is restricted locally is not clear. For instance, in the mammalian hematopoietic system, extracellular matrix, adhesion molecules, secreted signaling molecules and receptors have been proposed to form a synapse-like structure for mediating localized communication at the hematopoietic stem cell-niche interface and achieving stem cell quiescence [11] . Now, a new study by Michel et al. [12] has potentially revealed a similar mechanism for restricting BMP signaling at the GSC-niche interface in the Drosophila testis [12] .
In Drosophila, BMP binds to a receptor complex composed of type II receptor Punt and type I receptors TKV and SAX, leading to a Punt-TKV/SAX-Mad phosphorylation cascade and production of phosphorylated Mad and activation of Dad transcription [1] . BMP signaling activity has usually been detected based on expression of phosphorylated Mad and Dad-lacZ in fixed tissues. Now, Michel et al. [12] have developed a novel way to detect BMP signaling at the membrane, allowing researchers to pinpoint the activation site for BMP signaling [12] . They used an engineered TKV receptor (abbreviated as TIPF) in which TKV is fused with the conformation-sensitive Yellow Fluorescent Protein (YFP) core of InversePericam and FKBP12, based on the knowledge that TKV is the main type I receptor for BMP signaling in Drosophila. In the absence of BMP signaling, the inhibitor protein FKBP12 binds to the unphosphorylated glycine-serine rich domain of TKV and blocks fluorescence of YFP. Upon BMP activation and TKV phosphorylation, FKBP12 is released, resulting in conformational change and subsequent activation of YFP fluorescence ( Figure 1 ). TIPF is a fully functional BMP receptor, and can precisely depict the Dpp signaling gradient in the wing disc and properly respond to different levels of BMP4 in zebrafish embryos. Thus, the TIPF reporter represents a very useful tool for investigating BMP signaling activation in different developmental contexts and systems.
In the Drosophila testis, BMP signaling is restricted to GSCs and their immediate differentiated daughter cells, the gonialblasts, based on expression of phosphorylated Mad, Dad-lacZ and bam-GFP. However, it remained unclear if BMP ligands directly activate BMP signaling in both cell types. In the testis, hub cells and cyst stem cells function as a GSC niche, and are also the source for BMP [13] [14] [15] . Michel et al. [12] used TIPF to show that BMP activation is restricted to adherens junctions at the GSC-hub interface, although the TIPF receptor under the control of the bam promoter is expressed at higher levels in differentiated cells than in GSCs. Consistent with the idea that BMP signaling is activated locally at adherens junctions, RFP-tagged Dpp is also localized to the same junctions. However, no BMP signaling activation is detected at the GSC-cyst stem cell interface. Possibly, BMP produced by the hub is directly targeted to BMP receptor complexes associated with adherens junctions, preventing BMP diffusion to outside the niche ( Figure 1A,B) .
In the Drosophila testis, Gbb is the major BMP ligand for controlling GSC self-renewal, but Dpp, which is expressed at lower levels, also plays a role [14, 16] . Although TKV and SAX are proposed to be primary receptors for Dpp and Gbb in the Drosophila imaginal disc, respectively, genetic results argue strongly that TKV is the major receptor for Dpp/Gbb signaling in testicular GSCs [14] . Because BMP activation is detected in GSCs but not in gonialblasts, lower BMP signaling activity detected in gonialblasts is likely due to perdurance and may also be responsible for Dad-lacZ expression and bam repression. However, it remains formally possible that the TIPF reporter fails to detect BMP signaling activation in gonialblasts due to its sensitivity or the primary use of SAX in BMP signaling. These findings suggest that localized BMP activation at adherens junctions may serve as a novel way to restrict the BMP signal to the niche. It will be of great interest to investigate if such a mechanism also works for the Drosophila ovarian GSC niche.
The next obvious question is how Dpp signaling activity becomes restricted at adherens junctions? Recycling endosomes and exocytosis are known to be required for adherens junction formation [17, 18] . To understand how RFP-tagged Dpp is targeted to the GSC-niche junction, Michel et al. [12] also examined the roles of recycling endosomes and exocytosis in Dpp secretion. After eliminating function of the exocyst components Sec5 and Sec6 in imaginal disc cells, Dpp is trapped in Rab11-positive recycling endosomes, indicating that exocytosis and recycling endosomes are involved in the regulation of BMP secretion. Similarly, after disrupting exocytosis in niche cells, Dpp is also trapped in Rab11-positive recycling endosomes, leading to the blockage of BMP signaling and bam upregulation in GSCs. Gef26, a Rap-Guanosine exchange factor (GEF) that regulates Rap signaling, is important for E-cadherin accumulation at the testicular GSC-niche junction [19] . Consistent with the notion that Rap signaling regulates exocytosis [20] , mutations of Gef26 also cause accumulation of Dpp in recycling endosomes [12] . Therefore, these findings demonstrate that exocytosis regulates BMP secretion and E-cadherin membrane targeting in the GSC niche ( Figure 1A,B) . To test if adherens junctions are required for localized activation of BMP signaling in the GSC niche, Michel et al. [12] knocked down E-cadherin in niche cells but failed to detect any changes in BMP activation in the GSC-niche junction [12] . Unfortunately, adherens junctions remain intact in the absence of E-cadherin based on b-catenin/Armadillo expression, probably due to N-cadherin expression in the GSC niche. For the time being, it thus remains uncertain whether adherens junctions are required for localized BMP activation.
The study by Michel et al. [12] has, for the first time, directly shown that BMP activation is restricted to adherens junctions at the stem cell-niche interface, and that BMP secretion and E-cadherin membrane targeting require exocytosis and recycling endosomes in the GSC niche [12] . However, three important questions remain to be addressed. The first question is whether localized BMP signaling activation at adherens junctions is biologically important. A recent study [15] has shown that statdepleted GSCs displaced from the hub due to E-cadherin downregulation can still maintain BMP signaling and self-renewal, casting some doubt on the biological importance of adherens junctions for BMP signaling. Possibly, BMP receptor complexes are co-localized to adherens junctions; without adherens junctions, BMP signaling activation may be not localized but could still proceed normally ( Figure 1C ). To definitively answer this question, depletion of both E-cadherin and N-cadherin or b-catenin/Armadillo from the niche could be used to further test if adherens junctions are required for activating BMP signaling in GSCs ( Figure 1D ).
The second question is whether the TIPF reporter can faithfully capture BMP signaling activation in GSCs. Recently, cyst stem cells have been proposed to be the major BMP source for GSCs [15] , but TIPF fails to detect BMP signaling activation in the cyst stem cell-GSC interface. This raises the concern that TIPF may not fully reflect BMP signaling activation. It will be important to generate a similar reporter for detecting SAX activation in the GSC niche. The last question is whether E-cadherin and BMP are co-transported or transported independently using the same pathway, and whether adherens junctions are required for proper BMP targeting ( Figure 1A,B) . Answers to these questions will surely help better understand the role of adherens junctions in the regulation of BMP signaling in the GSC niche as well as in other systems. Proteins involved in membrane traffic must distinguish between different classes of vesicles. New work now shows that a-synuclein and ALPS motifs represent two extreme types of amphipathic helix that are tuned to detect both the curvature of transport vesicles as well as their bulk lipid content.
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Eukaryotic life emerged when cells evolved the ability to isolate biochemical micro-environments within membranous compartments. Specialized reactions occur more efficiently within these confined and
